INTRODUCTION

Amblyomma
variegatum is an African tick species which, in Africa, has the widest distribution of all the Amblyomma species. This tick has a wide range of hosts including wildlife and domestic ruminants (40, 45) . It is tolerant of a wide range of climatic conditions, being established from dry savannah (annual rainfall of approximately 500 mm) to humid zones (2,750 mm annually) (40, 46) . In such areas, A. variegatum occupies a wide range of ecosystems: xerophil herbaceous or wooded savannahs, mountainous grasslands, and borders of forest or clearings in the equatorial zone.
This tolerance of a wide spectrum of habitats and climatic conditions, added to the adaptability of A. variegatum to a wide range of hosts (40, 45) , makes this tick an ideal candidate for expansion and colonisation outside Africa. Infestations on Madagascar, the Comoros, Zanzibar, the Mascarene Islands and in the Caribbean (38) appear to confirm this.
The spread of the tick in the Caribbean is well documented, particularly following the diagnosis of heartwater -a disease transmitted by this tick -in Guadeloupe (39) and the publication of epidemiological surveys indicating a close association between the presence of the tick and severe clinical cases of dermatophilosis, a bacterial skin disease (15, 43) .
Given the biological requirements of A. variegatum and the climatic conditions prevailing in tropical areas in the western hemisphere, it appears that this species has not yet attained its potential distribution (9, 42) . This situation is of concern to countries surrounding the Caribbean basin which are threatened by possible introduction of the tick. To prevent the spread of A. variegatum outside the Caribbean region, a tick eradication programme has been proposed (3, 24) .
In this paper, the history of the distribution of A. variegatum in the Caribbean is detailed, and an attempt is made to identify the mode of transportation as well as the risk of introduction to the American mainland and the Greater Antilles.
HISTORICAL SPREAD OF AMBLYOMMA VARIEGATUM IN THE CARIBBEAN
In 1943, Curasson (23) discussed the decisions, in 1828 and 1830, to send Senegalese zebu to the French American colonies in the Caribbean and French Guyana. Curasson stated that the 'zebus brought piroplasmosis [babesiosis] into the Caribbean, and also the Senegalese tick which is now a serious pest in Guadeloupe'. The name 'Senegalese tick' (in reference to the origin of A. variegatum introduced to this region) is still used in Guadeloupe. It is unclear whether or not the tick was introduced once or many times from Africa, as importations of livestock from Africa occurred much earlier than 1830 and continued later (34) . The statement by Curasson, written more than one century after the presumed facts, is not supported by any original testimony and this date of introduction should therefore be considered with caution, although it is now commonly accepted. If one considers the time needed for vessels to reach Guadeloupe -one month, i.e. far more than the feeding time of A. variegatum (maximum 18 days for adults [6] ) -it can be postulated that the infestation of Guadeloupe occurred by one of the following means:
-litter infested with detached ticks and disembarked on arrival in the island -ticks which detached, moulted in the litter and re-infested the hosts while they were still on the ship.
Marie Galante, a close dependency of Guadeloupe, is thought to have been infested within five to ten years of the colonisation of Guadeloupe by the tick.
For Antigua, the oldest reports of the 'gold tick' are those of Barber in 1895 (5) and Neumann in 1899 (38) . However, neither author indicated whether the tick was introduced from Guadeloupe or directly from Africa. This situation, whereby only three islands in the Caribbean were infested with the tick, remained apparently unchanged for approximately fifty years. Intra-island movements of livestock, wildlife and feral animals, however, promoted local spread of the tick. Alderink and McCauley (1) estimated that the tick needs five years to spread over an area of 15 km diameter (approximately 150 km 2 ); they noticed that speed of propagation was highly variable depending on the island, livestock abundance, date of outbreak and efforts made to control ticks. This data, in addition to various reports and observations, enabled the authors to plot a graph of the cumulative area of infestation of the Caribbean by the tropical bont tick (Fig. 1) . This graph takes account of knowledge of suitable tick habitats, e.g. Guadeloupe has an area of 1,550 km 2 but one-third of this is covered by uninhabited rain forest, unsuitable for the tick.
The authors have no objective information to confirm this speed of propagation and colonisation of new sites, at least for the first islands invaded by the tick. The spread is better documented for more recently-infested islands. Martinique was infested in 1948 by a shipment of tick-infested cattle which arrived at Le Lamentin. Acaricides were available at that time, and their use in Martinique probably played a part in reducing the spread of the tick locally: over the next forty years, only four new foci were found and only one-third of the island is currently infested ( Table I ). The local spread was greater in St Martin, however, with six different areas infested over four years (1979) (1980) (1981) (1982) .
After 1967, when the tick was identified in St Croix (32) , the number of islands and new areas infested suddenly increased. Over the next twenty-five years, fourteen islands -including St Croix -became infested (Figs 2 and 3 ) and approximately 1,000 km 2 were invaded (Fig. 1) . In Figure 2 , the slope of the curve seems to decrease, with the point of inflection being located in the mid-1980s: nine islands were colonised between 1975 and 1985, compared with only two in 1985-1995. This apparent decrease in the potential areas for colonisation by the tick is difficult to explain; circumstantial evidence provides some indications why the tick has not yet spread throughout the Caribbean or to the American mainland. It can be argued that the reduction in the spread of the tick may be related to systematic acaricide treatments in either government-sponsored programmes or private use. The systematic use of acaricides reduces the potential numbers of ticks, Cumulative number of Caribbean islands infested by Amblyomma variegatum and islands with a large population of cattle egrets and thus fewer ticks are available for colonisation of new sites. In addition, fewer new islands which are suitable for establishment and survival of the tick exist near old foci. Most of the remaining islands in the eastern Caribbean which are not infested with the tick are small, with a dry climate and few cattle, and will therefore not easily support a population of A. variegatum. For example, Les Saintes (a government dependency less than 10 km from Guadeloupe) has remained free of ticks despite regular trade with Guadeloupe; while La Désirade (another dependency with a dry climate, also 10 km from Guadeloupe) was found to be infested only in 1982 (43), more than 150 years after the tick became established on Guadeloupe (although unsuccessful introductions probably occurred before that date).
The present respite in the colonisation of islands may be only temporary, however: the tick will continue to spread when it reaches the favourable environment of geographical zones with adequate host densities. Countries such as the British Virgin Islands, Grenada, Haiti, the Dominican Republic, Cuba, Trinidad and Tobago, and Venezuela present suitable ecological features. The danger of spread and establishment in these countries of the Caribbean region is apparent.
MODE OF DISSEMINATION Soil, litter and grass
A. variegatum
is a three-host tick with a parasitic phase for each of the three life stages, larva, nymph and adult (male and female). The tick must feed on host blood before progressing to each new stage. At each of the three stages, the host can be the same individual or species, or not. The non-parasitic phase occurs in the environmenton vegetation (larva) or on the ground (other stages) -away from the host. During the non-parasitic phase, moulting (larva, nymph) or egg-laying (adult female) occurs. (9) considered that A. variegatum could have been introduced into the Caribbean by means of the tick-infested litter used for animals during transportation from Africa to Guadeloupe. Dissemination of the tick from island to island with transportation of litter, manure, soil or grass would probably be relatively rare and of low risk compared to intra-island movements.
As unfed larvae tend to congregate in large numbers on the tips of grass, Morel (37) reasoned that cut grass was probably responsible for the local spread of the tick from the humid plain of Lamentin in Martinique to the dry savannahs in the south of the island. Nevertheless, transportation of cut grass from Guadeloupe to Les Saintes during the dry season, when animal forage is scarce, has not resulted in colonisation of Les Saintes by the tick.
Animals or hides
Movement of animals is certainly the most efficient method of dissemination of A. variegatum in the Caribbean. The risk is proportional to the level of infestation (especially by adult ticks) and the frequency of movements of animals of the host species. The infestation of St Martin is thought to have been due to importation of infested cattle hides which were to be used as bait for lobster fishing (D. Murillon, personal communication, 1983).
Sedentary animals
In a study conducted in Guadeloupe, Barré et al. (10) found that goats and cattle were the most heavily-infested animals (total numbers of larvae, nymphs and adults per host averaging 577 and 345 for goats and cattle, respectively), compared with dogs (112), mongooses (4) and birds (1 to 5). Thus transportation of goats is much more dangerous than that of mongooses. After detachment and moulting, however, one larva or one nymph produces one nymph or one adult, while one female may produce between 10,000 and 30,000 larvae. Adult ticks feed exclusively on animals of large size (few on dogs, and more than twice as many on cattle as on goats). In these conditions, it appears that the transportation of cattle, often heavily infested with adults, presents a greater risk than the transportation of any other host.
Pets (especially dogs) travelling on boats between islands may be unsuspected means of transport of the tick.
Islands where transportation of animals is suspected to have been the cause of outbreaks of A. variegatum are listed in Table II . These outbreaks consist of foci for which the transport of infested animals has been proved to be the cause (Martinique) or is highly suspected, and foci on islands which have an unsuitable habitat or are less frequented by migratory birds, including the cattle egret (Bubulcus ibis) (Dominica, Anguilla, La Désirade).
After the establishment of the tick on an island, further outbreaks result principally from intra-island movements of livestock or wildlife, including migratory birds established temporarily on an island during their winter migration.
Migrating birds
Another possible means of transportation is vagrant or migrating birds. Superficial examination of 256 shore birds killed by hunters in Guadeloupe revealed that none were infested, while 26 of 80 cattle egrets examined for ticks were found to be infested with larvae and (rarely) nymphs: one bird carried 104 larvae and nymphs (10) . In another study conducted in Antigua (20) , cattle egrets were less severely infested: larvae were recovered from 15 of 304 birds, with a maximum of 20 larvae on one bird. Cattle egrets prefer to associate with large herbivores and, as a result, they can become infested with immature ticks. After engorging on the egret, these ticks may detach near another host at a different site or on another island.
The status of the cattle egret in the western hemisphere has been reviewed by Crosby (22) and Arendt (4) . It is native to Africa, Southern Europe, Asia and Australia. The range of this species has expanded dramatically since the end of the 19th century, however, when it reached Guyana and Suriname (12) . The first reports of the presence of the cattle egret in the Caribbean are from Old Providence (1933) and Aruba (1944) in the southern part of the Caribbean Sea (4). In 1948, the species was recorded in Jamaica and Puerto Rico, where the population was estimated at over 2,000 in 1952 (Bond, 1959: quoted in [4] (4) . Although it has not been reported on Dominica, Anguilla and Nevis, the species is in fact established on these islands. Thus the cattle egret may now be considered fairly widespread throughout the Caribbean. The bird is numerous on most of the islands, particularly those where livestock is abundant, although data on populations of cattle egrets are lacking, and estimates are available for only a few islands: 11,000-15,000 birds in Guadeloupe , unpublished findings, 1992) . The cattle egret, along with many other Ardeidae, shows strong migratory and dispersal tendencies (12, 27, 41) . Young birds may disperse up to 5,000 km from their birthplace (14) . On reaching adulthood, one-third of cattle egrets establish themselves 100-3,000 km from their place of birth (44) .
Harrington and Dinsmore (29) indicate that cattle egrets visiting islands off the southern coast of Florida in autumn and winter each year are migrants from the West Indies. Cattle egrets banded in Georgia have been captured in Cuba (31) . In the eastern Caribbean, 56 of 1,129 birds banded in Guadeloupe and Antigua were observed on 14 other Caribbean islands and in the Florida Keys. Of the total number of independent sightings, 45% were reported from islands more than 100 km from the island on which the birds were banded (20) . These observations confirm that at least part of the cattle egret population in the Caribbean shows a marked dispersal tendency, thus making this species a potential disseminator of ticks.
There is no direct relationship between the first report of the bird on an island and the first report of the tick. One reason may be that the bird is easily noticed and identified, and is reported in ornithological literature even when scarce. When some egrets first colonise an island, they have little or no effect on tick dissemination. A few years after establishment, however, egrets begin to breed and the population increases (further immigrants also contribute to the population growth). For example, the bird was first observed in Barbados in 1956, with nesting occurring in 1957; in 1980, the number of cattle egrets on the island was estimated to be 4,500; by 1989, the estimated number was 11,000 (33) . From this growth curve, it can be postulated that a period of twelve years is necessary for the population to reach a level (approximately 1,000-2,000 birds in the larger eastern Caribbean islands) at which there is a tendency for the young to move out and for migratory birds to congregate and winter with residents.
Given such a delay between establishment and the time at which the population reaches a significant number, there appears to be a close relationship between cattle egret and tick extension (Fig. 2 ). Although it is not possible to prove that cattle egrets or any other migratory birds are responsible for tick dissemination, birds may be suspected, particularly when outbreaks occur on islands remote from the closest focus of ticks and/or where cattle egrets are numerous (Table III) . 
DISCUSSION
Whatever the means of spread, the widening of the geographical distribution of A. variegatum in the Caribbean over the last twenty-five years is alarming. The extent of losses due to diseases associated with the tick, especially dermatophilosis, means that there is an urgent need to stop the spread of this tick in the western hemisphere.
Implementation of restrictions on livestock movement will not be sufficient if birds, especially cattle egrets, are involved in the distribution of the tick. Cattle egrets are numerous in the Caribbean basin, especially in Trinidad (in the south) which is only a few kilometres from the American mainland, and in Puerto Rico and Hispaniola (in the north-west). It can be assumed that the eastern Caribbean islands currently infested with the tick have a resident population of cattle egrets in addition to a migratory population. Emancipated young birds originating from nesting Caribbean populations have erratic or migratory patterns, moving north or south over varying distances. In addition, large populations of migratory birds from North America and the Greater Antilles certainly stop in the eastern Caribbean during autumn and spring migration. The birds could transfer ticks from the infested islands to areas of high bird concentration, and thence northwards to the Greater Antilles and Florida, and southwards to Trinidad and the South American mainland.
Once the systematic treatment of livestock with acaricides stops or slows down due to a lack of government support, populations of ticks on these islands will increase. The larger numbers of ticks on these islands increase the risk that A. variegatum will migrate to new areas and establish new foci. The present distribution of the tick will change dramatically once the species reaches a land mass with a suitable environment and adequate numbers of hosts. New foci on islands such as Hispaniola, Trinidad and Tobago, and in countries such as Venezuela, will present new risks to livestock producers; and millions of dollars will be lost to the tick and its associated disease.
Under these circumstances, eradication of A. variegatum from currently-infested islands of the Caribbean is the only acceptable way to eliminate the threat posed by this tick to the livestock population in the western hemisphere. PALABRAS CLAVE: Amblyomma variegatum -Bubulcus ibis -CaribeErradicación -Garceta del ganado -Garrapata -Movimientos de ganadoPropagación.
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